Thrombopoiesis is the process by which megakaryocytes release platelets that circulate as uniform small, disc-shaped anucleate cytoplasmic fragments with critical roles in hemostasis and related biologies. The exact mechanism of thrombopoiesis and the maturation pathways of platelets released into the circulation remain incompletely understood. We have shown that ex vivo-generated murine megakaryocytes infused into mice release platelets within the pulmonary vasculature. Here we now show that infused human megakaryocytes also release platelets within the lungs of recipient mice. In addition, we observed a population of platelet-like particles (PLP) in the infusate, which include platelets released during ex vivo growth conditions. By comparing these two platelet populations to human donor platelets, we found marked differences: Platelets derived from infused megakaryocytes closely resembled infused donor platelets in morphology, size and function. On the other hand, the PLP was a mixture of non-platelet cellular fragments, and non-uniform sized, pre-activated platelets lacking surface CD42b that were rapidly cleared by macrophages. These data raise a cautionary note for the clinical use of human platelets released under standard, ex-vivo conditions. In contrast, human platelets released by intrapulmonary entrapped megakaryocytes appear more physiologic in nature and near comparable to donor platelets for clinical application.
Introduction
Platelets have major roles in hemostasis, thrombosis, inflammation and vascular biology [1] [2] [3] . Platelets are circulating anucleate cytoplasmic discs derived from differentiated megakaryocytes 4, 5 . The details by which a megakaryocyte releases 10 [3] [4] platelets 6 are beginning to be understood, but this knowledge has been hampered by limitations of ex vivo culture systems 4, 5 . In situ examination of this process has provided key insights [7] [8] [9] : intramedullar, mature megakaryocytes migrate to a perivascular site and extend a single process through the endothelium, releasing variable size cytoplasmic fragments which may or may not remain continuous 9 . Whole megakaryocytes have been noted to escape 7 . Based on lung histology 10 and differential measurements of pulmonary arterial versus venous platelet counts, enough megakaryocytes travel to the lungs to release platelets to maintain the steady-state platelet count 11 . At the moment, the relative contributions of intramedullar-versus pulmonary-released platelets is unclear.
There are multiple thrombocytopenic states that necessitate therapeutic intervention.
Thrombopoietin (TPO) mimetics increase platelet counts in some thrombocytopenias 12 .
In others, donor platelet transfusions remain the mainstay of care 13 . The need for platelet transfusions has been increasing so understanding thrombopoiesis and developing platelets from ex vivo-derived (EV) human megakaryocytes, especially from selfrenewing cells such as embryonic stem cells and induced pluripotent stem cells (iPSCs) [14] [15] [16] [17] [18] have been investigated. To date, a major limitation in generating EVplatelets has been their low yield and functional limitations. We show that EV-platelets include a mixture of CD41 + and CD41particles of various sizes. These mixtures will be designated "platelet-like particles" or EV-PLPs. Xenotransfusion of EV-PLPs into immunocompromized, severely thrombocytopenic mice have resulted in modest numbers of circulating human platelets [14] [15] [16] and functional studies have shown incorporation into thrombi in recipient mice [14] [15] [16] [17] [18] . Advancements in the generation of EV-PLPs have clearly been made, but limited studies have been performed comparing EV-PLP to infused, donor platelets 16, 18 .
Using murine megakaryocytes generated from adult marrow cells (AMCs) and fetal liver cells (FLCs), we previously showed that intravenous infusion of these cells resulted in pulmonary entrapment and release of ~10 2 in vivo-generated (IV) platelets per For personal use only. on November 16, 2017. by guest www.bloodjournal.org From megakaryocyte, after an ~1.5 hour-delay 19 . IV-platelet levels of ~20% of total circulating platelets were achieved in non-thrombocytopenic mice. In thrombocytopenic mice, increases in platelet counts comparable to infused donor platelets were achieved, normalizing hemostasis 19 . We now show that human EV-megakaryocytes xenotransfused into NOD/SCID/γ-interferon-deficient (NSG) mice generate IV-platelets independent of the starting source of cells (e.g., AMC, FLC or iPSC). We describe two pools of human platelets in the recipient mice: 1) IV-platelets released intrapulmonary from EV-megakaryocytes, which are similar to infused donor platelets, and 2) EV-PLPderived platelets which differ markedly from donor platelets. Therefore, clinical application of stem cell-derived megakaryocytes will either require further optimization of EV-platelet formation with a focus on generating non-activated platelets or to infuse EVmegakaryocytes and allow platelet shedding in vivo.
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Materials and methods

Derivation of human EV-megakaryocytes, EV-PLP and donor platelets
AMC EV-megakaryocytes. Human CD34 + cells from bone marrow or G-CSF-mobilized were purchased from Fred Hutchinson Cancer Research Center Cell Processing Shared Resource, and expanded and differentiated to megakaryocytes in serum-free medium SFEM (Stemcell Technologies) for 14 days 15, 20 .
FLC EV-megakaryocytes. Hematopoietic mononuclear cell fractions of human fetal livers were obtained from week 13-23 abortuses 21 . For megakaryocyte differentiation, these cells were cultured for 14 days in SFEM containing 100 ng/ml TPO, 40 μ g/ml LDL and 1% Pen/Strep (all, Life Technologies).
iPSC EV-megakaryocytes. iPSC line (WTBM1-8) was generated using a lentivirus expressing OCT4, SOX2, KLF4, and MYC 22 , and were analyzed for pluripotency by teratoma formation, flow cytometry, and gene expression 23 . iPSCs were differentiated into megakaryocytes as described 24 .
For all, large megakaryocytes were isolated using a 2-step bovine-serum albumin (BSA) density gradient described for murine megakaryocytes 19 and counted by hematocytometer prior to retro-orbital infusion in 200 µl phosphate-buffered saline (PBS, Invitrogen). Similar AMC growth conditions were used to isolate EV-PLPs 15 . Briefly, EV-PLPs were collected from the culture medium and one-tenth volume of 3.8% sodium citrate added. EV-PLP supernatant was obtained by centrifugation at 1000 rpm for 10 minutes. The PLPs were pelleted at 2000 rpm for 10 minutes, resuspended in 200 µl PBS for infusion. In some studies, EV-PLPs were labeled with 4-µM calcein violet (Invitrogen) for 30 minutes, washed with Tyrode's buffer, and then pelleted and resuspended for infusion. Micrographs of processed cells and EV-PLPs prior to infusion were obtained using a CKX41 microscope (Olympus) equipped with an Axiocam camera (Carl Zeiss). Megakaryocyte DNA ploidy distribution was assessed on CD41 + CD42a + megakaryocytes using propidium iodide (PI) 19 Mice studied NSG mice were produced pathogen-free at CHOP using Jackson Laboratory breeders.
NSG male mice at 8-12 weeks of age were used for infusion with human megakaryocytes by retro-orbital injection. Animal experiments were approved by CHOP's Institutional Animal Care and Use Committee.
Flow cytometric studies
Levels of human platelets in recipient mice were determined by using a combination of PE-conjugated rat anti-mouse CD41 monoclonal antibody (moAb), FITC or APCconjugated mouse anti-human CD42a, APC-or FITC-conjugated mouse anti-human CD42b antibody and isotype controls (all BD Biosciences). For detecting young platelets in recipient mice, freshly drawn whole blood was stained with PE-conjugated rat antimouse CD41 moAb (BD Biosciences) and APC-conjugated mouse anti-human CD41 antibody plus 50-ng/ml thiazole orange (TO, Becton Dickinson) for 15 minutes 27 .
Human platelet activation in whole mouse blood was assessed using PE-conjugated mouse anti-human P-selectin (CD62p) moAb (BD Biosciences) in the absence or presence of convulxin (CVX, 24 nM, Enzo Life Sciences) for 15 minutes 28 . In vitro activation of donor platelets, IV-platelets, and EV-PLPs were assessed by flow cytometry using retro-orbital whole blood stained with APC-conjugated mouse anti-human CD41 antibody and PE-conjugated mouse anti-human P-selectin, CD62P moAb (BD Biosciences). In some studies, donor platelets and EV-PLPs were treated with CVX (24 nM) or thrombin receptor agonist peptide (TRAP, 20 nM), for 10 minutes at 37°C and stained for Annexin V binding 19 .
Flow cytometry was performed using a BD FACSCalibur (BD Biosciences). Data were analyzed using FlowJo version 9.5.2 (TreeStar). In some experiments, clodronate liposomes (Encapsula NanoSciences) were infused at 100 µl/mouse 24 hours prior to megakaryocyte or platelet infusions 29 . Depletion of macrophages was monitored after red cell lysis using PerCP-conjugated rat anti-mouse CD45 moAb (BD Pharmingen), FITC-conjugated rat anti-mouse CD11b moAb (BD Pharmingen), PE-conjugated antimouse CD115 moAb (eBiosciences) and Alexa Fluor 647 (Molecular Probes)conjugated anti-mouse Ly-6C Ab (BioLegend).
Immunofluorescence microscopy studies
Donor platelets or EV-megakaryocytes were resuspended in 200 µl PBS prior to infusion into NSG mice who had been irradiated 10 days earlier with 300 CyG. Two hours later, whole mice blood was taken from the vena cava and mice platelet-rich plasma (PRP) was isolated. Details regarding isolation of PRP, fixation, and immunostaining are as 
Tissue immunohistochemistry studies
To address where human platelets were released from infused EV-megakaryocytes, cells were exposed to 10-µM bromodeoxyuridine (BrdU, Sigma-Aldrich) for 48 hours.
Recipient mice were sacrificed post-infusion, tissues isolated, and fixed 18 . BrdU-labeled nuclei were detected using a rat anti-BrdU moAb (Abcam) and biotinylated goat anti-rat IgG (Vector Laboratories) as secondary antibody. Human megakaryocyte cell membrane in the lungs was also studied using a rabbit human anti-CD41a moAb (Epitopics) and secondary biotinylated goat anti-rabbit IgG antibody (Vector Laboratories). Tissues were counterstained with hematoxylin (Fisher Scientific) 19 . NSG mice infused with PBS served as negative controls.
Cremaster laser injury functional studies
To exam whether human platelets incorporate into developing thrombi, laser-induced injuries of cremaster arterioles (30-40µ diameter) were performed 19 . Donor platelets or EV-megakaryocytes were labeled with 2 µM calcein AM (Invitrogen) at 37°C for 30
For personal use only. on November 16, 2017. by guest www.bloodjournal.org From minutes, washed twice with PBS, and resuspended in 200 µl PBS prior to jugular infusion. Alexa 647-conjugated rat anti-mouse CD41 Fab fragments (BD Pharmingen) were injected intravenously 5 minutes before injury. Thirty minutes after cell infusion, laser injuries were induced in the cremaster arterioles, and thrombosis recorded. To determine selective human platelet incorporation, 100 µl of 250-µM tirofiban (Ben Venue Laboratories), a species-specific inhibitor of human CD41 31 , was injected after control injuries had been recorded. After tirofiban infusion, additional injuries were made. To exam whether young platelets were incorporated into developing thrombosis, donor platelets or AMC EV-megakaryocytes were labeled with 4-µM calcein violet and 50ng/ml TO prior to infusion. Injuries were then induced, and thrombi were captured as Zstack images.
Statistical analysis
Statistical analysis was performed using a 2-tailed Student t test of means ± standard error of the mean (SEM). Differences were considered significant when P values were <0.05.
Results
Circulating human platelets derived from EV-megakaryocytes in xenotransfused mice
Previously, our group had shown that murine AMC-or FLC-derived EV-megakaryocytes infused into mice became entrapped in the pulmonary microvasculature, releasing functional platelets into the circulation 19 . We asked whether this phenomenon would also apply to infused human megakaryocytes. For this work, we used a previously described platelet-xenotransfusion model in which human platelets infused into naïve, immunodeficient mice circulated with a half-life of >12 hours ( 32 and Figure 1 ). We used NSG mice because of their success in a marrow xenotransplantation model in which human platelets are detectable only from 2-4 weeks post-transplantation ( 29 and Supplement Figure 1 ). We analyzed EV-megakaryocytes from three different cell sources; AMC, FL, and iPSC. Infused donor platelets had a 12-hour half-life.
Comparable to our mouse study 19 , infused human AMC EV-megakaryocytes (average ploidy = 5.8±0.6, Figure 1A ) had a delayed platelet peak and ~10 hour half-life ( Figure   1B ). Peak yield was 32±4 platelets/megakaryocyte (Table 1) . FLC-derived EVmegakaryocytes had a more limited ploidy (2.4±0.1, Figure 1A ), but similar half-life ( Figure 1B ), yielding ~15 platelets/megakaryocyte (Table 1) . Finally, iPSC EVmegakaryocytes also had low ploidy (2.4±0.2, Figure 1A ), but in addition had a low yield of platelets (~3 platelets/megakaryocyte, Table 1 ). Here, platelet survival was more complex, including a short, immediate half-life of ~3 hours followed by a longer half-life ( Figure 1B) .
A major reason for the limited window of detectable circulating platelets in xenotransplanted NSG mouse model was macrophage-mediated clearance of human platelets (Supplement Figure 1 and 29 ). We therefore tested what effect macrophage removal would have on platelet half-life in the xenotransfusion system. Studies were performed using naïve NSG mice treated with clodronate liposomes. Human donor platelets half-life modestly increased to ~18 hours. These data suggest that clearance of human platelets is occurring in naïve NSG mice, but to a much lesser degree than in the xenotransplantation model ( Figure 1C and Supplement Figure 1 ). A similar prolongation of the half-life of platelets derived from infused EV-megakaryocytes was observed especially for iPSC EV-megakaryocytes ( Figure 1C ).
We had found that infused murine EV-megakaryocytes were entrapped in the pulmonary microvessels and disappeared concurrent with the appearance of circulating platelets 19 .
Pulmonary entrapment and platelet release also occurred post-infusion of human EVmegakaryocytes into NSG mice as detected by BrdU-labeled nuclei and human CD41 staining (Figure 2A and 2B ). The spreading of human cellular processes into perialveolar microvessels was notable (Supplement Figure 2 , arrows). Based on differences in organ size 33-35 , but with a similar degree of megakaryocyte entrapment, we estimate that 5-10% of entrapment occurred in the spleen ( Figure 2C ), but in no other studied tissue (Supplement Figure 3 ). Comparative confocal microscopy of human donor platelets circulating in mice blood and of released human platelets two hours after infusing AMC EV-megakaryocytes showed similar morphology, being equally greater in size than the mice platelets 37-39 , have discoid shape and have a similar number and distribution of alpha-granules and lysosomes (Supplement Figure 4 ).
Size characterization of human platelets derived from infused EV-megakaryocytes
It has been proposed that proplatelets become preplatelets and eventually platelets 36 .
The physical environment, including shear forces and vascular architecture, are thought to be important in this processing 7, 40 . Murine platelets have ~1/3 of the diameter of human platelets with both displaying bell-shaped size distributions 37-39 . Whether higher shear forces in mice and differences in microvasculature contribute to small murine platelet size is unknown. We examined the size range -as determined by forward scatter on flow cytometry 41 -of human platelets released from all three EVmegakaryocytes ( Figures 3A) , and compared their size distribution to that of murine platelets and infused donor platelets. Both endogenous murine platelets and infused human platelets showed bell-shaped size distributions ( Figure 3A , gray areas and dashed lines, respectively) with human platelets being ~10-fold greater. Platelets generated from all three sources of human EV-megakaryocytes showed mostly the same peak size distribution as donor platelets consistent with Supplement Figure 4 with no pool of CD41 + fragments larger than donor platelets ( Figure 3A , solid lines). In addition, there was a broader peak in the murine platelet size-range. We asked whether these size distributions remained constant over time, and noted that "small" human platelets -defined as having a forward scatter ≤ 90% of the mouse platelet size-rangedisappeared over the first few hours post-infusion of EV-megakaryocytes (Figures 3B and 3C), while "large" platelets -defined as having forward scatter >90% of the mouse For personal use only. on November 16, 2017. by guest www.bloodjournal.org From platelet size-range -predominated by 6 hours with their size distribution near-identical to infused donor platelets. We then examined the effect of macrophage depletion on the platelet size distribution after AMC and iPSC EV-megakaryocyte infusion, and noted that the initial broad distribution of platelet sizes did not change over time (Figures 3B and 3C) . A peak in the large platelet size-range never emerged.
TO studies of young versus old platelets from infused EV-megakaryocytes
We hypothesized that these small platelets were released from EV-megakaryocytes during culture and/or processing. The large platelets should initially all be young. We addressed this hypothesis using available AMC EV-megakaryocytes. Visual examination of an AMC EV-megakaryocyte preparation prior to infusion showed PLPs ( Figure 4A Both TOand TO + mouse and human platelets followed bell-shaped curves of size distribution with the mean size of the TO + platelets larger as anticipated 44, 45 (Figure 4C , top two rows). Human platelets seen after infused AMC EV-megakaryocytes followed a different pattern ( Figure 4C , third row and 4D, top): Initial TO + platelet-size distribution had a left shoulder of small-sized, presumably young EV-platelets. This shoulder disappeared rapidly. The remaining TO + platelets were the size of donor platelets. TOplatelet-size distribution was initially broad, but by 6 hours, a bell-shaped size curve emerged that markedly overlapped with the TO + platelets, and presumably was derived from them. In macrophage-depleted mice, small, TOplatelets always predominated though now a bell-shaped curve of large, TO + platelets can be seen (Figures 4C, bottom, and 4D, bottom).
Understanding the rapid clearance of the small platelets
For personal use only. on November 16, 2017. by guest www.bloodjournal.org From Prior studies suggest that murine EV-platelets can be damaged by extracellular metalloproteinases, resulting in short circulating times in recipient mice. 46 One indicator of such metalloproteinase activity is loss of surface CD42b expression relative to CD41 (αIIb) and CD42a (GP9). We compared surface expression levels of CD42b with CD42a and CD41 on IV-platelets from infused AMC EV-megakaryocytes relative to infused donor platelets. There was no deficiency in surface levels of CD42b to CD42a on TO + IV-platelets from infused EV-megakaryocytes compared to each other and to levels on concurrently studied donor platelets ( Figure 5A ). However, while >99% of donor platelets are CD42b + , in studies of isolated EV-PLPs only ~10% of its CD41 + subpopulation were CD42b + ( Figure 5B ). This low level on EV-PLPs contrasts to EV-megakaryocytes where ~48-65% of CD41 + megakaryocytes are CD42b + (Supplement Table 1 ).
An alternative explanation for the rapid clearance of the small platelets is that they may be preactivated, during culture. To examine whether pre-activation of platelets could also account for their rapid clearance, donor platelets were activated with either TRAP or CVX prior to infusion. Both agonists lead to rapid clearance of the platelets post-infusion ( Figure 5C, top) . Following macrophage depletion, TRAP activated platelets had a marked improved half-life similar to that seen with small platelets (Figure 5C , bottom).
This improvement was not observed with the stronger agonist CVX. Consistent with platelet activation contributing to rapid, small platelet clearance, we found that both CD42b + and CD42b -EV-platelets expressed Annexin V (indicative of activation) ( Figure   5B ). These data suggest that at least two mechanisms may account for the rapid clearance of EV-PLP in NSG mice: loss of CD42b and preactivation.
Reactivity of EV and IV platelets
How responsive are IV-platelets to agonists? As expected infused donor platelets were quiescent prior to agonist exposure, and highly responsive to CVX independent of platelet age or size (Supplement Figures 4A and 4B) . In contrast, baseline platelet activation status following EV-megakaryocyte infusion was high when measured 1-hour post-infusion. By 6 hours the remaining platelets were quiescent and showed a robust response to CVX though not as vigorous as seen with infused donor platelets.
Active incorporation of human platelets into thrombi
Are the small, old and preactivated EV-platelets or the large, young and quiescent IV-For personal use only. on November 16, 2017. by guest www.bloodjournal.org From platelets better incorporated into thrombi? We studied human platelet incorporation into growing thrombi in mice in the absence or presence of tirofiban, a selective blocker of human αIIbβ3 binding to fibrinogen 19 . Donors platelets were selectively incorporated into growing thrombi (Supplement Figure 5A) as were platelets derived from infused EVmegakaryocytes (Supplement Figure 5B) . For both, we demonstrate that circulating TO + platelets are selectively incorporated into thrombi over TOplatelets ( Figures 6A and   6B ). Figure 5B showed that >80% of the EV-PLP population was CD41 -CD42with ~65% of these cells expressing Annexin V. When compared to EV-megakaryocytes ( Figure 4A 
EV-PLP infusion studies
Discussion
EV-PLPs prepared from megakaryocytes have multiple functional deficiencies some of which have been noted previously [16] [17] [18] . The size range of PLPs is much wider than donor platelets though often studies have focused on a platelet-size gated window or selectively examined individual PLPs rather than whole population for biology. Those studies still found limited reactivity of EV-PLPs similar to that observed here; however, this limited reactivity was not as notable in those studies as positive controls also showed limited reactivity, especially using cord blood platelets, which are known to have low reactivity 47 . The short-half-life seen with EV-platelets in NSG mice was also noted previously, 18 but in that study, donor platelet control also had a short half-life. In that study, both EV-platelet and donor platelet half-lives improved markedly after macrophage depletion. While recipient mouse strain differences may explain why in our studies donor platelet half-lives was relatively long, we believe that baseline platelet preactivation better explains the difference between studies. Our data of a relatively long half-life for infused donor platelets in immunocompromized mice are consistent with others 32 and are supported by Figure 5C showing the effect of pre-activation on infused donor-platelet half-lives.
In our studies, 85% of the EV-PLPs are CD41while others have reported this admixture to be 15-80% 17,18 . We show that CD41particles circulate well in recipient mice and are not cleared by macrophages. Whether they are incorporated into thrombi is unclear as is their other biologic impact. Certainly CD41 -EV-PLPs complicate interpretation of proplatelet release in culture. Are the megakaryocytes present in these cultures releasing platelets physiologically or by a pathway shared with CD41cells? CD41 + EV-PLP often are preactivated and/or have lost CD42b antigenicity. Are these a consequence of the megakaryocytes shedding by a nonphysiologic pathway? Thrombopoiesis in a plastic environment without the presence of appropriate supportive cells and stroma, 48 and/or physical-chemical gradients 8 may be non-physiologic, and may contribute to the many limitations of EV-PLP.
On the other hand, IV-platelets released from infused EV-megakaryocytes are more similar to donor platelets in regard to shape, size, granule distribution, half-life, and surface marker expression, supporting the idea that megakaryocytes that have migrated out of the marrow space could release physiologic platelets intrapulmonary. These data must be interpreted with caution because the murine pulmonary bed and circulatory system has much higher shear and perhaps different branching details that may change the details of pulmonary thrombopoiesis from what might be observed clinical.
Nonetheless, the release of normal sized platelets is consistent with studies that the specifics of the megakaryocyte rather than the pulmonary bed determine platelet size 40 .
In that case, would any vascular bed that entraps mature megakaryocytes support thrombopoiesis? It has been proposed that the cause of thrombocytopenia in congenital heart disease is that a portion of the blood bypasses the lungs 49 , suggesting that the lung is uniquely designed for thrombopoiesis.
While the biology of IV-platelets approaches infused donor platelets, they fall short in several ways. One would expect that newly released IV-platelets would have a longer half-life than donor platelets. The fact that the half-lives are near-identical suggest that either platelet survival is not age-dependent or that IV-platelets are less stable than donor platelets. CVX responsiveness by IV-platelets was less than that of donor platelets and TO + IV-platelets were incorporated less than TO + donor platelets into thrombi. As shown in Supplement Table 1 , only ~65% of EV-megakaryocytes are CD42b + supporting that these megakaryocytes are injured to a degree. Also, EV-megakaryocytes are grown in media lacking many proteins normally incorporated into alpha-granules, which would could limit their reactivity. Differences between the individuals providing the donor platelets and the EV-megakaryocytes is an alternative explanation. Approaches to optimize CD41 High megakaryocyte purity and yield as well as strategies to limit EVmegakaryocyte damage would be needed to allow a more accurate determination of IVplatelet yield per infused megakaryocyte than the likely underestimates in Table 1 and to develop cells for potential clinical application.
Our studies show that infused human AMC, FLC and iPSC EV-megakaryocytes can lead to IV-platelets. This paper focused on AMC EV-megakaryocytes, but also examined FLC and iPSC EV-megakaryocytes. The relative balance between EV-versus IV-platelets varied between sources, with IPSCs having the least number of IV-platelets, explaining their overall short initial half-life, which is similar to that of EV-PLP infusion ( Figure 1B) .
Presently, the mainstay of platelet support is donor platelets. Concerns over quality and
For personal use only. on November 16, 2017. by guest www.bloodjournal.org From quantity issues with these platelets have been noted 50 , but at the same time, experience with such donor platelets is extensive and cost of product procurement is contained by voluntary donation. Any replacement should have important advantages over the present product. These advantages could include reduced risks of pathogen transmission, standardization of product, unlimited supply and ability to modify the platelets to improve platelet survival or broaden functionality. Above all, these alternative products should meet high standards of reactivity and half-life. This paper shows that EV-PLP in our culture conditions fall short in this regard: they are an admixture of CD41and CD41 + particles. The CD41 + subpopulation are short-lived, pre-activated, weakly reactive, and under-incorporate into thrombi. EV-PLP generated in bioreactors [51] [52] [53] [54] [55] have been describe and are clearly need to achieve large-scale EV-platelet production. Like infused EV-megakaryocytes, they would have the advantage of producing mostly young platelets. Bioreactor-generated platelets would not have some of the disadvantages of infusing EV-megakaryocyte, including transient occlusion of a portion of the pulmonary vascular bed, delayed platelet release and introduction of nucleated cells rather than nuclear-free platelets. However, at present no bioreactor-derived product have been infused and shown biological properties approaching well-prepared, donor platelets as has been achieved with infused EV-megakaryocytes. 
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Figure 6. In situ studies of incorporation of TO + versus TOplatelets into growing
